ABSTRACT A hygiene study of a hard metal factory was conducted from 1981 to 1984. All workers exposed to hard metal were medically examined and their exposure to cobalt measured. Eighteen employees had occupational asthma related to exposure to hard metal, a prevalence rate of 5-6%. Nine had a positive bronchial provocation test to cobalt and reactions of the immediate, late, or dual type were elicited. Exposure measurements suggest that asthma may be caused by cobalt at a mean time weighted average concentration below 0.05 mg/m3. Only two of the nine individuals with cobalt asthma had a positive patch test to cobalt. Chest radiographs of three workers showed diffuse shadows of category 1 or over. X ray microanalysis of lung biopsy specimens from two of these three workers showed the presence of tungsten, titanium, cobalt, nickel, and some minerals. One of the two was diagnosed as having pneumoconiosis due to exposure to silica in a steel industry and the other was suspected of having pulmonary fibrosis caused by dust generated from the carborundum wheels used to grind hard metal. There were no cases with interstitial pneumonitis in the factory.
Hard metal is 90-95% as hard as diamond. It is used when strength, rigidity, and resistance to heat and wear are needed, such as for the cutting edges of tools, rock drills, and dies, etc.
In Japan research into producing hard metal began in 1928 and hard metal was first on sale in 1931. In 1956 Japan produced only 100 tons of hard metal but in 1978, 1100 tons were produced. Today, Japan is the fourth largest producer of hard metal in the world. There are said to be more than 30 corporations manufacturing hard metal and more than several thousand people are engaged in producing it.
To date few cases of respiratory disorders related to hard metal have been reported in Japan and only one cross sectional field study has been conducted in a hard metal factory. These may be briefly summarised: Ohi found 11 of 38 shapers to have micronodulations in chest x ray examinations in a cross sectional study.' Shirasaki2 and Tanizima (personal communication) reported two cases of pulmonary fibrosis in a large hard metal company, one of whom died of respiratory failure. Tanizima also observed 27 workers developing asthma related to exposure to hard metal between 1960 and 1976. Three cases with nonAccepted 22 July 1985 specific interstitial pneumonitis3 -5 and one case with giant cell interstitial pneumonitis6 were reported.
Ikeda et al reported two workers having airways irritation caused by hard metal7 and Ebihara described one case with occupational asthma due to cobalt diagnosed by challenge test.8 A shaping worker was found on a chest radiograph to have micronodularity associated with primary lung cancer of the giant cell type.9
In 1981, for the first time in Japan, both interstitial lung disease and extrinsic asthmatic bronchitis were medicolegally recognised as occupational diseases due to hard metal (article 35 of the enforcement ordinance of the labour standards law.) In 1981 we conducted a cross sectional study in a hard metal factory'0 -12 Since then we have carried out a longitudinal hygiene study to clarify the relation between respiratory disorders and hard metal exposure with particular reference to cobalt since cobalt is known to be the causative agent of asthma in hard metal workers '3 14 and is suspected of causing interstitial pneumonitis. '5 -19 
Subjects
The hard metal factory we studied was established in the 1950s when it had only 20 workers. In 1983 about 600 worked in the factory and since the 1950s about 1500 have been in its employ.
In January 1983, 282 workers were exposed to hard metal-12 powder workers, 29 press operators, 21 sintering workers, 46 shapers, 137 grinding workers, two blasting workers, five electron discharging operators, 16 inspectors, 12 researchers, and seven supervisors. Table 1 shows the type of work, the number of workers, their age, and duration of exposure. An additional 37 individuals had been engaged in producing hard metal previously: nine powder workers, two sintering workers, nine shapers, 12 grinding workers, and one inspector. Thus a total of 319 people were or had been exposed to hard metal in January 1983.
Methods ENVIRONMENTAL STUDY
During the observation period between 1981 and 1984 there were no pronounced changes in the production processes or the methods of manufacture. Air samples in the breathing zone were taken on at least one working day for every worker exposed to hard metal during this period. Total dust or mist in the breathing zone was collected individually on a cerullose membrane filter (HA, Millipore) with a dust sampling pump (P-2500, Dupont) at a flow rate of 2-0 1/min. The mean sampling time was six hours during a workday. The total aerosols were weighted with a balance (H5 1, Mettler) and combined with a mixture of 2-5 N HNO3 and 3 N HCI; their cobalt content was determined using an atomic absorption spectrophotometer (518, Hitachi).
Kusaka, Yokoyama, Sera, Yamamoto, Sone, Kyono, Shirakawa, and Goto The detection limits for total dust and for cobalt in the air were 0-1 mg/m3 and 1 pg/m3, respectively.
The aerodynamic size distribution of the airborne particles in a shaping room was estimated with an Andersen sampler (AN-200, Dylec) used at a flow rate of 28-3 1/min. Hard metal dust in the general air at a height of 1-5 m was collected on a glass fibre filter (AP, Millipore) placed on each stage in the sampler. Air was inhaled for six hours a day for five consecutive days. Dust on each filter was weighed and its cobalt content determined as noted above.
MEDICAL SURVEY
All employees who were or had been exposed to hard metal were medically examined each year. The medical examinations consisted of respiratory questionnaires, including a Japanese translation of the British Medical Research Council's questionnaire, full size chest x ray films, spirometry, and a routine physical examination. One of the authors (YK) examined any individual complaining of respiratory symptoms at the factory site. With two chest physicians and a radiologist, all of whom were fully experienced in occupational lung diseases, YK also read all the radiographs. The films were reviewed twice, independently and with no prior knowledge of the status of the individual case. The films were read according to the ILO 1980 International Classification of Radiographs of the Pneumoconioses.20 Those findings agreed by all were recorded.
Patients classified as having small opacities of profusion I and over were admitted to the National Kinki Chuo Hospital for Chest Diseases and there underwent extensive medical evaluation including transbronchial lung biopsy and blood tests. Lung biopsy specimens were examined by electron microscope and analysed with an analytical electron microscope (H-500, Hitachi) equipped with an energy dispersive x ray microanalyser (5100, Kevex) at the National Institute of Industrial Health. The methods used will be described elsewhere.
Peak Table 2 shows the number of air samples, the number of workers in each group, and the cobalt concentrations (mean, standard deviation, range) for each group of workers. Press operators are divided into two groups in respect of cobalt exposure levels. One Occupational asthma Eighteen employees were found to have occupational asthma related to exposure to hard metal. All initially developed asthmatic attacks after employment in the hard metal industry. All showed a time relation between attacks of asthma and exposure to hard metal as follows: attacks disappeared or decreased at weekends and during holidays; the symptoms partially or completely remitted after wearing respirators or installing exhaust ventilation systems; asthma was relieved after a stay in hospital but recurred after resumption of work; attacks improved after individuals were transferred to other less dusty or non-dusty workplaces; and asthma disappeared after leaving the factory.
In January 1983 the prevalence rate of occupational asthma was 5-6% (18 of 319). During the observation period (1981-4) two of the 18 cases newly developed asthma; the remaining 16 had had asthma before the study.
Eight of the 18 sufferers with asthma were powder workers, one a sintering worker, three were shapers, and six were grinding workers. The latent period ranged from three months to ten years; seven workers developed asthma, mainly of the nocturnal type, two to three years after their initial exposure to hard metal. Chronic bronchitis occurred after the onset of asthma in five workers, resulting in an asthmatic bronchitis.
Nine of the 18 had positive bronchial provocation tests with cobalt (2 ml of 1 -0% CoCI2 Diffuse shadows in chest radiographs Three workers had diffuse shadows on their chest radiographs with a profusion of 1 or more. One with a chest radiograph of category 2, was diagnosed as having pneumoconiosis caused by minerals to which he had been exposed in a steel industry. The second case was suspected of having pulmonary fibrosis related to dust generated from grinding wheels containing carborundum and silica. The third case could not be diagnosed because he declined a lung biopsy. (The case histories appear as 19-21 in the appendix.)
Interstitial lung disease Symptoms such as dry cough, progressive dyspnoea, fever, weight loss, and general fatigue, and diffuse reticular or linear shadows on chest radiographs associated with restrictive ventilatory disorders have been reported in workers with interstitial pneumonitis related to hard metal exposure. 1423-27 Among the workers examined here these symptoms were not detected nor were abnormalities on chest radiographs associated with a restrictive defect observed.
Discussion
In the United States, United Kingdom, West Germany, Switzerland, and Sweden the hygiene standard for cobalt is 0.1 mg/m3. In Japan, as reported in this study, many workers have been exposed to cobalt at a concentration in excess of 0-1 mg/m3 mainly because the Japan Association of Industrial Health has not yet proposed to industry a threshold limit for cobalt. In May 1985 a new factory for powder mixing was constructed and the old powder mixing area was closed in the industry that we examined. In the new factory dust collecting ventilation systems were installed and as a result the mean cobalt exposure for all powder workers decreased to 175 pg/M3, a quarter of that in the old factory.
As all powder workers and some shaping workers wore respirators, the actual uptake of cobalt was lower than the content of cobalt in the breathing zone air.28 Grinding hard metal is done mainly with cutting fluids in which cobalt is dissolved. As coolant fluids are used repeatedly, their concentration of cobalt tends to increase. Collecting the mist from cutting fluids is much more difficult and much less economical than collecting hard metal dust, so that only a limited number of grinding machines were provided with local exhaust ventilation systems.
We could not perform bronchial provocation tests with cobalt on all the cases of asthma and we have no information on the possible immunological mechanism of asthma caused by cobalt. Thus we have established empirical criteria for diagnosing occupational asthma in hard metal workers. Any subject who develops asthma after employment in the hard metal industry and shows the correlation between the asthma and a change of exposure to hard metal or any case with a history of asthma in whom the asthma is aggravated after employment and shows the time relation of symptoms and exposure to hard metal has been defined as having occupational asthma. The criteria may result in both false positive and false negative cases. An overestimation of the time course of the symptoms may give false positive results. On the other hand, some workers with bronchial hypersensitivity may react not only to occupational substances but also to non-occupational factors, so that attacks may not appear to be related to their exposure to hard metal.
We did not report five cases with asthma in this study. Two who were atopic developed asthma after employment but we could detect no relation between their asthma and exposure to hard metal. In the third case asthma occurred after exposure to hard metal but disappeared spontaneously without treatment. The fourth case had had atopic asthma before he was employed in the industry but the symptoms had not become aggravated. The last case had atopic asthma before starting to grind hard metal and his asthma recurred three years after he was employed. There was no relation between the asthma and his exposure and a bronchial provocation test with cobalt was negative, although challenge with extracts of Dermatophagoides pteronyssinus was positive. We did not consider these subjects to be suffering from occupational asthma.
The prevalence of occupational asthma was 5-6%; the incidence rate was not obtained, however, since many workers with the condition (cases 3 and 8, for example) had left the industry because of their illness. Coates et al reported that the prevalence rate of occupational asthma was 0-6% in a large hard metal factory with the work force of 1500,3 but the criteria for diagnosing the condition, the characteristics of the subjects, their symptoms, and their exposure levels were not described.
Some workers with occupational asthma did not completely recover even after they were transferred to non-dusty work. This has also been observed in other cases of occupational asthma caused by cobalt and western cedar.14 29 Moreover, in some cases, the recurrence of asthma has led to a fixed obstructive ventilatory defect even when asthma attacks were absent. We think it necessary, therefore, to detect immediately any individual developing asthma and to remove him from dusty work as soon as possible. On the basis of this study, as reported previously by Further field studies are needed to see if there is a dose relation between levels of cobalt exposure and the onset of asthma. Additionally, not only the time weighted average but also the ceiling or short time exposure limit, which may be concerned with sensitisation, should be determined for cobalt. Ruttner and Furrer described the histological findings of necropsied lungs and their analytical results in two grinding workers who had nodular shadows on their chest radiographs.30 One had worked with hard metal for 22 years and the other for 36. In the lungs were partially fibrosed, star shaped, dust containing elementary nodules similar to those seen in a mixed dust silicosis such as foundry worker's silicosis. The nodules were surrounded by perifocal emphysema. Ruttner and Furrer emphasised the role of carborundum and silica derived from the grinding wheels in the development of the pulmonary fibrosis.
In case 20 the transbronchial lung biopsy specimens were so small in volume that we could not see the presence of silicotic nodules. The chest radiograph was similar to that reported by Ruttneti and Furrer and the pulmonary histology was also consistent with that reported by them.30 This worker had probably inhaled an excessive amount of dust because he ground hard metal using dry carborundum wheels without ventilation.
We could not diagnose case 21 accurately but the presentation was not consistent with interstitial pneumonitis and old pulmonary tuberculosis might be involved.
In the factory we consider there was no case with interstitial pneumonitis. This differs completely from some previous reports.2331-35 Miller etal showed that three hard metal workers developed interstitial lung diseases with cobalt levels of 0-1 to 0 3 mg/m3.35 In our factory many workers had been exposed to cobalt concentrations much higher than 0-1 mg/m3 and workers with interstitial pneumonitis might have left the industry because of their illness. We were told by the company, however, that there had been no cases with interstitial lung disease.
In a large hard metal corporation in the United Kingdom with a work force of 1000 employees no workers with interstitial pneumonitis were found.32 Reviewing this report and our study, the incidence rate and the prevalence rate of interstitial lung disease related to hard metal are probably low. Almost all field investigations have been cross sectional and some have examined only a limited number of the total at risk:i A thorough epidemiological study of hard metal industries is therefore needed. (fig 2) . In sintering exposed to a mean cobalt concentration of 25pg/m3 (n = 2, SD 14pg/m3, range 11-38 pg/m3). Differential 
Respiratory diseases in hard metal workers: an occupational hygiene study in a factory weekends. His PF record was similar to that of case 7. During observation period, mean cobalt concentration was 158 ug/m3 (n = 8, SD 127 ug/m3, range 31-436pg/m3). Working environment had remained unchanged since 1980. Had a late reaction provoked by inhaling 1% CoC12 (a 20% fall at 3 hours 15 minutes). Neither immunoglobulins nor common RASTs were raised; patch test with cobalt gave a negative result. Case 12-Born in 1932, a smoker. Mother had a history of asthma. Had worked as a welder for seven years and began working as a wet grinder at age 41 when his exposure level was 27 pg/m3. Ten years after first employment transferred to shaping department and asthma occurred four months later. Attacks cleared at weekends. Exposed to cobalt at a concentration of 893 pg/m3 on average (n = 3, SD 278 pg/M3, range 602-1155 pg/M3). Local exhaust ventilation was attached to the shaping machine and his cobalt exposure decreased to 198 pg/M3 and the asthma subsided. Figure 4 shows relation of asthmatic attacks and exposure to hard metal. Case 13-Born in 1935, a smoker with urticaria of unknown origin. Employed as a wet grinding worker at age 38. Two and a half years after employment developed nocturnal asthma; symptoms improved at weekends. Six months later after installation of a mist collecting system asthma completely remitted. Measurement of personal exposure showed his cobalt concentration to be 18 Ug/M3 on average (n = 2, SD 4pg/m3, range 14-21 pg/M3).
Case 14-Born in 1936, had urticaria of unknown origin. Smoker for only one year. Had inhaled glass dust and dust from grinding wheels for 18 years. Had started grinding hard metal with cutting fluid at age 38. Nocturnal asthma occurred three years after starting grinding. Three years later changed to work with no exposure to hard metal and asthma partially remitted. Chronic bronchitis followed asthma. Case 15-Born in 1941, smoker from age 15 to 20. Father had asthma. Began grinding at age 32. Four years later a new efficient grinding machine was installed and asthma appeared. Two years after onset of asthma, a mist collecting system was attached to machine after which asthma partially improved, although attacks still occurred at nights when he used the machine without the ventilation. With exhaust ventilation control, he had a mean exposure to cobalt of 31 g/in3 (n = 3, SD 8pg/m3, range 21-44pg/m3). High IgE levels and eosinophilia were seen using attacks and common RASTs were positive. Bronchial provocation test with 1% CoC12 of 2ml gave a positive late reaction (a fall in FEV1 at 5 hours 30 minutes). Case 16-Born in 1935, had urticaria. Pulmonary tuberculosis associated with paragonimiasis occurred at age 21. Had been treated with antituberculous drugs and 4,6-dichlorophenol for two years and recovered fully. Had smoked from age 35 to 44. Started grinding hard metal at age 38 and developed nocturnal asthma one year later. Attacks cleared in hospital but reappeared after resumption of work. 
